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(57)Abstract: 

PROBLEM TO BE SOLVED: To realize high-speed WDM 
(wavelength division multiplex) transmission at 20 Gbit/s 
or higher, for a long distance in excess of 6,000 km. 
SOLUTION: A optical transmission line 12 comprises a 
plurality of relay spans 18-1, 18-2, 18-3, 18-4, etc., 
divided by optical relay amplifiers 16 (16-1, 16-2, etc.). 
Each of the relay spans 18-1, 18-2, 18-3, 18-4, etc., 
comprises large diameter single mode fibers 20 (20-1, 
20-2, 20-3, 20-4) with positive dispersion and whose 
effective cross-section area is 100 |im2 or larger, large 
diameter single mode fibers 22 (22-1, 22-2, 22-3, 22-4) 
similarly with positive dispersion and whose effective 
cross-sectional area is 100 |im2 or larger, and dispersion 
compensation devices 24 (24-1, 24-2, 24-3, 24-4) that 
are placed between the fibers 20 and 22 to compensate 
the accumulated wavelength dispersion and a dispersion 
slope. The relay span 18-4 is provided with a dispersion 
compensation fiber 26, that is placed after the single 
mode fiber 22-4 and compensates for the accumulated 1 
wavelength dispersion to be a value, corresponding to an average wavelength dispersion Da for 
a broadband compensation period. 




•2 




5-i 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner s decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 



http://www1 9.ipdUnpit.go jp/PA1 /result/detail/main/wAAAOnaiWLD A41 4280959P... 2007/09/1 3 



Searching PAJ 



2/2 v 



[Date of registration] 

[Number of appeal against examiner s decision 
of rejection] 

[Date of requesting appeal against examiner s 
decision of rejection] 

[Date of extinction of right] 



http://www19.ipdl.inpit.gojp/PA1/result/detail/main/wAAA0naiWLDA41 4280959P... 2007/09/13 



(19) B*B#Sf/T* (JP) 



(12) & 



(a) inmmmwAm^ 

#$§2002-280959 
(P2002-280959A) 
(43) £$8 B ¥^14^9^273(2002.9.27) 







F I 


f-?3-r(##) 


H 0 4 B 10/02 




H04B 


9/00 M 5 K 0 0 2 


10/18 












less* 


M*«OSl2 OL & B M) 




4$H2001 -76818C P2001 -76818) 


(71)ffllHA 


595162345 








3^ T-f *£jK^-~:/;i^X:r Atfe 


(22)ffiSH 


¥J«13*£ 3 n 16 B (200L 3. 16) 












SO^Stf&KSSffg 3TI7S1^ 






(72)§89i# 
























(72)§89l# 
























(74)ftSA 


100090284 



















(54) KKO^ft] ^«»fi?fefeJilKRt;^eSI>'X^A 



(57) »ni 

[RBI 6 OOO km*ttx.4ftEttT?* 2 0Gb i 

6-1, 16-2, ■ ■ •) lz£iJB#*;h«ttttG>4i 
8-1, 18-2, 18-3. 18-4, • 
• • 1 8- 1 , 18-2, 18 

- 3 . 1 8 - 4 It. JE^tfe-CSgSlKf 10 0MJM 
mJ5l±0*PgOv>^- K^T-T/^2 O (2 0- 
1. 20-2, 20-3, 20-4) jE» 
tt"C^JaKf®«A< 1 0 0¥£/^mJaJLCD;*;□g(&:>>^ 
;^ ; E— K:?T-r/<2 2 (22-1, 22-2, 22- 
3. 22-4) 77^/^20, ZZm\ZtoWt£*l+ 
77^2 0, 2 2(7)^8ljfiS^Si;»tfc^P-^S 
ifitS»»tt«fAVX2 4 (2 4-1, 2 4-2, 
24-3, 24-4) ^b*^ 0 8-4li 
V>^;U^— K^T-f/<2 2-4CD^fClBM$ 



is 

is 



®2 



.3 



K 

av 

ex: 



(2) 



ftffl2 002-280959 



[H*4ll] 1. 3 iim®T-$l&KWltf-Vni:tj;Z,ft 
y 7 4 1<X>?f? 7 4 '<t. 
1. 3A/m^&g#fM<tfP<hfc&3te:77^A;b^fc 
<SS2 0)it7T'('A < i:, 

g k m i <o jt ? 7 ■< / < t ib 2 co & ^ t -r / < <o i - * 

[M3fcJg3] SiM- #ift*a— ^MM^/trx 
[MUM] a»©*«X/<><!:, RffSS^-PiEa* 

z> m i at/m 2 coat 7 7 ■< / < t . 

1 atfm 2 coat^T -r /<<nrai^iEg**v-5^SM 
i-^coafe^/W^^fcoT, aKBixi/m2C03«fc7 

tux a-^*iHST/ u * t smst-r* - 1 -r-s 

[19*385] ssmiai;m2coit7T-f/W5iMe«i 

[R** 6 ] SK^fii • #fk* P-^ffiS^/W 7. 

^ K3tfea&s *•> & a * -& m ew d m <i# 3t $ g«-r * 

e2IK34<. 1. 3 /im^-eSJS^titA^Pir'S^jt^r 
-fAfr&fc'SSn CDit^T-l'/^ 1. 3 /i mSJTfjKgtt 

eftA<-t£ p .t & •& at y 7 -c / <fr <=> * -sm 2 cost -? 7 -r / ^ 

1 ro3f7T-f/<<tm2£0ife7T-</^C0ffll=aB 

si;® zo>%z>7 << /^ro&sa-ta&tfa-tfc;* p - 

[«*«8] ^»mixt/m2co3t7r-r/w^MM 
[is*a9] . staffs • »tkxp-^a«-r/w^ 



sste&eais&Ao «=> a * -r -5 a tew d M{f#3t * a<rr & 

<&® 1 si/m2C03t7r-r-'<, at^atemi ai/m 2 co 
■efcor. at/m2coj(fc7T-f/<coacg^tka 

MIc^lifltfiEcOit^T-f/^b^-Sli^l OlclHiECO 
[1§*J1 1 2 ] ^te«-t* • #gfex P-^filST/ W ^ 

[0001] 

^m^a (wdm) ii^5tross§isie26$Rr^ic-r-5» 
[0002] 

OOOkmCOjteai^^.^ A (JilT. JEE*&3£'*t- 
APf,5t. ) ^«Bfln{£ffl*^-i>6 OO 0 kmJil± 
C03fee3lv^. J fA (JilT, SSgKiejSvX^Ai:!!? 

[0003] sffiincojtiiiieeisi->x^A-ci±. 

WM (4jt^?1^-) >S:i*CDg^»3aiS$-ffllE-r^!&SA< 
fc (^B§¥6-1 1 6 2 0-^iHax(;fc3|t@!f$!fm5, 3 

6 1. 3 1 9#) o 

[00 04] es^a^st*:-r-5^5£<S:Lrag**tr 
^-sjfis^fii^fi (wdm) jtea&tfiiMi^. 
7T^/<cojfitg^tkcoi6SracoS (»Stxp-^) 
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*<ft-5fflRllcfc*o 

[0005] f J &3fe+IXA>$, 1. 3/imS 

SiSftfco WHV6-1 1 6 2 0^«Xtt* 

B<*IMS5. 361, 3 19f, D. Le Guen 
et al, "Narrow Band 640Gb 
I t/s Soliton WDM transmis 
slon over 1200km of Stand 
ard Fibre with 100km 21 dB 

Amp lifier Spans", ECOC ' 
98, September 1998, Postd 
eadl ine papers, pp. 6 1 — 6 3S 
IfT. Tanaka et. al" 2. 1-Tbit 
/ s WDM Transmission over 
7 , 221km with 80— km repeat 
er", ECOC2000-PD1. 7, 2 0 0-0 £ 
#BB**L/=l>o 
[0 0 0 6] *BJj*ffl©Trl*. 1. 3/im*l=*5MK2RS 

^r-</<<t(^«s 1. 5/im*l=»»«SS***-r**> 

>$Ol^E— K77-f A$»|iy7 h77^/^ff*p 
[0 0 0 7] gitt-ei*. HSftHrffia*<1 1OW/im0 

^efffll-^Ct cfctj, *&ttKEttl::ftl*«1 0Gb i 

t /sK-xco^^e^ heig^x^A^Ktt. mm* 
[ooos] ss»tk«j:ijfli»<«3B a r«»imflte 

g3g**tT^& (^2000-26 1 37 7t^ 

«) o 

[0009] *eaB©a*»»**-ftLoo. sis 
««ms«»**5MMi«*aiL'c. i 

rt-C»**«^7'-f/<* + *lClB«-r*«J«^ 200 
0 kmtf) 16X4 OWDMSSyXf At LT&5g£*L 
Tl^5 (Itsuro Moritaffe, "40GBI 
T/S x 16 WDM TRANSMISSION 
OVER 2000 KM USING DISPE 
RSION MANAGED LOW-NONLINE 
AR FIBER SPAN", ICOC2000, 
4, 2 5-2 7) o LfrL. ZO^A^it. 10km<7> 
1E#®L7T<< '*0>m\Z2 0 km0>a»«O»» ■ #f*X 
P-?*«77-f/^EBLrfiy, 6 000 kmJsLil 

[0 0 10] ia§fcf:yOj£SSS^2 0Gbi t/ 



ffl77-r/<t ut»ft*>7 h77-f/w**a**itu 

( 1 . 55/im) -C0)aft»IMt4<ft 2 0 p s / n m/ 

£&J5 p s/nm/km7!lS-2 p s/nm/kmt/h 

T?fc£ e «*tt. O- 1 9 4 3 7 I . m 

orita et a I . " 40Gb i t/s sin 
gle — channnel sol iton tran 
smission oyer transoceani 
c distanc by reducing Gor 
don— Haus timing Jitter an 
d sol iton — sol iton interac 
tion", Journal of Lightwav 
e Technologies, 1999, 17, p 
p. 2 5 0 6£#R!£jhfcl>o 
[0 0 1 1 ] 

L* 5 fc »**>7h77-f/^ 

as»«ai/»»^p-^^i±i£<D*fi»«&i;»»x 
p-^^a{s-r*?fe^7-r/<*$iit-r^a)*<ffiit"cfc* 

l>£:^ 0 ftoT. ^W^i/X^AffifiEtMi. WDMfl 
»***«ft*l3»«LTfll35llc»|k • »«XP-?6 

ffif-SCtlCfci (M. S u z u k i e t a 
I. , " 20Gbi t/s- based soli to 
n WDM transmissionover Tr 
ansoceanic distances usin 
g periodic compensation o 
f dispersion and its slop 
e " , Electron. Lett. , vol. 3 
4. 1 99 7, pp. 475-47 6, Xl/H. Tag 
a et al., " 213Gbit /s (2 0X1 
0. 66Gb i t/s) , over 9000km T 
ransmisston Experiment us 
i ng Dispersion Slope Com 
pensator";OFC'98 PD1 3) 0 
[0 0 12] ±E<D*3l:: % ft*0>;&a-ci*ettEJIt£ 

- 3— X hOcfe53EcSffilK(7)WDM3fceaili. 

[0 0 1 3] 6 0 0 0 km^jgx&gffigtl:: 

JbfcUo 2 0Gb i t/Bl2Lha>ffiSU— hT*WDM{I 
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£ tl^-f -5 - i: * S M «t -T -5 . 
[0 0 1 4] 

-f jec-sssi (D3t ^ T-r/<t . i. 3 *i m^-eaeg 
5j-tfe*<-tf d t # z> ± -? 7 4 1 e> <t *>m 2 C03flfe 7 7 -f / « 

[0 0 15] ^fEISI=«*«-Utffl<S3t<53IKI**fc. is 
*vA<. 1. 3//m«-ejfig»DtA<-fe*P«t!tt*3t7T-fA 

A^ft*mi&tfm2OTite:7?"i'/<<t. ii&miRt/m 
-fxt-fcot. asm i&i/m 2 ©at T-f 
^/ w x t zmm-r s - 1 t -r * . 

[O0 1 6] *#l^lc«.S)5te3lv'X5 L AI*, JfefiiSS 

**#g{igB<tA^fc*3fce&i'XTi*-c-fc-3-c. a 

&jte£2IS8A<, 1. 3 *im^T&g#»AH?P<!:£-5>5fc 

7r-f /^e>**» 1 a>3te:?7-r/<, i. 3«m!ST;a 
s^ut AMf p <t # -s % ? t -r / & * m 2 0 3fc 7 r -< 
ai;a»mi ©5fe^T-i'/<i:m2<D3t7r-i'/<ora 
i-Kg^tv-snawi^sa^ojfeT/W x-efco-c. as 
ss 1 2 r -f/^osKs^a^fiftx p-^ 

[0 0 17] *«gBJ|=«^>jtea£->XirA(±*fc. jfcg 

s<rr -sjtsii^® <t e> tt -sjfcfisiS'X-r at? fc -o 

-C. SK&eaiS&A^ 1. 3 mS?-C'5fcft#»AMfP t 
#&3fc:77^AA^#-5mi Zttf^ro&^r-f'/^ & 

1 ;&t;g52 ©jt^r -rAoHicKBSft-ssifi 
Mic^cDjtT/W^ufeoT. ^Km 1 sum 2 oat 
7T-r/«7>5KS«-ffltat;»tkxp-^^«e-r-5^tfc • 

[0 0 18] 3Efc*e2lffl3t7T'r/^ LT^jfiS^Sfc 

rt-c*co^5Kg^«c&^«kxp-^^*gWi-J®^ro 
• ^XP-^ffitS^/WX-CSilS-f -SCOT?. 
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[0 0 2 0] 101*. 1. 5 5 /im^(DWDM{I#3t^ 

steals 1 2ictti;*)-f sjfcatftgM. i 4i*5tgsisi 

-5. WDM«^3tli. 0O;i.li\ -ttt-^Sfc-SiKgA 1 
~A nroft-^SfeA^fcii. 
[ 0 O 2 1 ] ftfiatSS 1 2 I*. 16(16 
-1, 16-2, ■ • •) ir«fcyB#£;h,i>!83S<D+«8 

(18-1. 18-2, 18-3, 18- 

4. • ■ ■ ) ***«-ei*. maas^-sjti: 

#«*XP— :7A<. 1 *»X/OSlcgBffl<)l^«t*4x-5 

mmtm~i*wt • #«jtxp-:7£«i8-f &*&x/<>£g 

18-1, 18-2, 1 8-3*<gRlrtiHSxA>-e& 

y. tfiX/<>1 8-4A<Ja3r • ItigMiHtX 

•5. 

[0 0 2 2] B 1 l^-T«)5K-eii. ft't'l^Ol 8 77 
^3fMl^fit-^SfeXP-^S*f(aL. 4O0)**8!X/< 
> 1 8 - 1 ~ 1 8 - 4 &m*m.Q.£ L-CJ£HIWI=^» 

»ai;»ticxp-^i&ffl<i-r§. 5ts<i^@i 

4*T?jSy»l**i'S-i:l='S:-5. j£ta««roS«BI*s 4 

[0023] S"t=lX/<>1 8-1, 18-2, 18- 
3 . 18-41*. IE»Sk-e^aBfffi»A< 10OT^m 
Jal±ff>*PSrov>^L-^— K77-f/<2 0 (2 0- 
1, 20-2, 20-3, 20-4) HflMC. iE^ 

tk-e^Bi®«A^l o osp^jumJU±<0*:Pgfl>->>y 

^U^E— h'7T-C/<2 2 (22 — 1, 2 2-2, 2 2- 
3, 22-4) 77^20, 22rai-iEg**t. 
77^2 0, 2 2 <D tf#DtXP-:7£ 
iSLTDIocal Ctl>»itfflfflf/WX2 4 (2 
4-1, 24-2, 24-3, 2 4 - 4 ) A* t> 
[0 0 2 4] it>8X/<>1 8-4l*MI-. *>>^U=E — 
K?7-</N*2 2-405ftlCffig*^. m«3JS«-tt*dl 

ia-r-5»»ffi«7r'r/<2 6$*<is-ri.. ^Dtnta^T 
-</<2 6i*. &»ro3te7>:mi-ffl*5££*t-5;:±:fcfe 

^»ffim7T'T/^2 6 05ftt3yi=. ^-fifcttiST/W 
X 2 4 irPflKDfilfiEcD^tltffi^/^-f X^ffiffl LTt* 
I*. 

[0025] 77-fA20, 2 2IC|±. H Cgg&Bi®® 
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-CA2 0. 2 2tLrfi&ra-r-53t^T'r/^«t. »tt«<t 
pt"T/<2 6 1 Lx&m-fz>i>bz?7-<'«D2mm$mi& 

[0 0 2 6] «HMMM*/WX2 4I*. #&-#8tXn 

^^JSLJS:<-ca<tC-S. B§m<*£J§l!gT?l±. f#e,;h-5 

tit, VI — ?<r>??/W*a£«>*BUHt 

[0 0 2 7] 0 2 1*. ^ItMOftllk-?? * 
f&t6«l?l*. AUHHMMKJiy. **8x/<>§c7)¥i$ 
D local l=«|»U j£isEffi{gJl$OT#ifc 
*t«7r-f/<2 6l=J:y*fiaWl 2±^T?ro¥^)5*g 
#8fc£D a v aKtWM-S. Dlocallt 
fc£H&. *£fciEfiij4<»*L<. D a v gliHfP-CI* 

D I o c a I 14+ 0. 5 p s / n m/ km, D a v g 
lis +0. 1 p s/nm/kmt'W, 

[0 0 2 8] B2l=*rj:3lc. <&jfcgfl>i?U85£g#gt 
L<fc«. ftoT. XPM&t;FWM«t}fiI1ltt«ft 

t. «Hff«BM^«<«ty. fin. iMtKttJflefta 

[0029] *SJ6«-CI*. *£fc*t{8#J£StS£*§c>*v 

LTftffltSS. *fc. 3: 5*:/ SOU* 

-K7r«f '<C±feftfiaUM: U Xftttr=ttK6!>#1lk 

«tfflt7 i /<-fX2 4$l£ffl-r^tT>t?. 1 8T? 

©#*.»fMW«< < & «. JIBr • J£isS4>*8X/<> 
18-4 ro^ft)cM«7 t -f /<l4388bBrES*<>h* 

ti**^. Sot. *£i6«-ei4. *ta»3fe3^ffl«)T/jN 



[0 0 3 0] ftSAttCl 01*. WDM|t#$ttJ*-r-S 

ta«>»*t*-r*a«»iB.ii*#jLT. sfceiits&i 2 

4I±. &fii£Kl 2A\P.A73-r-5WDM«#3tel3Ji-5;'8[ 
**X h#«.ffi«SliT-i:. #X 

4jK«ttu-r««4%tta.m«ji«ir«. *x 

#»£tt«LT*J.U. #xh4MMMtl=J:y. «fi% 
[003 1] 3fe2HBSSfi1 oi»re>ry&1IMtft£fT3.i 

sttttti oi=<MB*n»*»i+*<T**<<t*3^» 
£*t-c»«. ^y»»««i=«fey. 2*i~fc 
Wet -5 !&fiffiaixi*iafiffiai©3feeaii'X j 7 i Ai»^izw 

[0 0 3 2] 0 31*. +ttX/<>1 8-1 fcifcl+Sfl-fk 

-7 ?:?a>tt*B. 8H»i4EJK£?i*u itttajRV 
-f x 2 4com^(DffiKI$a*:Lr0^Lrfc-5 l> 

[OO 3 3] ->>^U^— K77-f/<2 2-4©di7JT? 

3 F$)S.g#gl.D a v gKffiS-rSfitlcfiHt-f -So SgM 
ICI4. 5MMMI:7r<'<2 6 1*. <fr%Jta>flMHfel=&Jt 
l=«tSLtt^-Sfl>aftfi^tk*-^^*. SII»I=I4. »* 
ffifiPr-f/^2 6l*. *?-r^'S*<?>»«xn-^mflt 
■r^tCDCt). ^fflvX-rAT?li-tC0S*A<1 -3 kml 

[0 0 3 4] ©Bft««X/<>rt-t?(D«-fittHS7 I /WX2 
4<D»*LU>aB*W'<fc. *<Dtl**H4l=*-r. tK 
ttl*. ^tfcffl(8ir ; /^-<X2 4^Bfffi(ax/<>rt©SSi-: 

»M<t7 : A-<'x2 4icffi3-r-&T/<-r xsta^om 

fif/WA 2 4A<gfi)fffllSx/<>ro4'*l-iES*4xTl^ 
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o. 7 si*#®L&mT'Uz.2 4#mm 

[0035] ^IC, 23Gb i t/s(D5 0jR;g<Z>{l 
^5t£&:g£SU 6, 0 O O kmfi«^M'>5aU 

dsjtf „ ±&0)M o r i t a ftt£<DtftJi£-e 6 0 0 0km 

^l/=E-K77'fA2 0. 2 2<03l3aiBf®ScD^S$IS3 

r-f/^2 0. 2 2©^3aBrffiW$^1-<, 1*J8X/<>£ 
40kmiU -tOTttJjfeSP (2 0km) l-tttil&Tjttifc 
Xn — ?'*iit87 I /<fX2 4£#AU D I oca I £ + 
O. 5ps/nm/kmiLfc, Jfc, 4«t>^i^./<>$ 

+ 0. 1 p s / n m/ k m t Lfc, jtiigB 1 Ort© 

? v x&Wimm* \z «t * zf ij K&mmm: £ - 3 o o P s 

/nm/km<t Lfc. *s^9)\,^— K7T-f/<2 O. 2 
2I±. MMIiHaOps/nm/km. ttgJtXn 
— ^A<+0. 06ps/nm/kmfl)3lc77-l''*b4 
£0 Mo r i t affiXOmi$.0>ia-e;kt£&-fZ>k. 5d 

BJiU:a>*s$iiK-e^fco -»^;u^-KPr-r/<2 

O, ZZO)&ttommf&& 1 2 0¥^/IimJa±IC-r-S<b. 
[0 0 3 6] *3lJfe^-ei*. fi2lffljt7T-f/^«tL-C* 

*£fc&g#tk£*t{8-f aroint* • »tt^o 

7r-<A^iSlffl-r-5<t. *<B3i8i8ffffi«rt<1 5~30¥ 

i-s«su*L^ft*S(a7 : /wx2 4^ffl-r*©-e, # 

P>(OSSm. 6 O O O km$JgS.^Sffi>SIICMy 2 OG b 

i t/sja±o>iSSwDM<i^^ssize2i-e^-i.3te 
[00 3 7] g0f*S{ax/<>&^j£Jss«iax/<>(7)H4x 



[0038] #flMt«T/<-f X 2 4 it. WiWtoltm+fr 

A Br MX'< >ft I- EW *i li «fc u% . 
[0 0 3 9] ffifti'X?.fcft{*-C0¥attJt4MRftD a 
v garj«-^^X/<>-CO)SF^ljfiS^tilffiD local 
A«*l=iEi:3EE**^*KWLfcA<. *&H.HI*. Da vg 

XTJD local A^iE&TjaroHttrofll^lX-SJS^I-t. 
[O O 4 O] 

KLfC. ttfij&Mtfi Tb/sfiL±a>*&fltKSEM 
[0fl5©fB*&K8n 

[BO 1 ] **w©-*fr«©tt*«**v*n-c* 

-So 

[0 2] *Sli6«l©»«tv?;^«-Cfc*. 

[0 3] SBf»«X/<>rt©»»^v^«-efc5. 

[0 4] SBf*t«^/<>rtT?©»ftltfif/WX 2 4 

[0 5] Mo r I t a||*0«tjftiC»t-4-«*Slfcff0 

3t#a«im*^-r0-efc-s. 
[##roBlSH] 
1 o : jftsasa 

1 2 : JteiHES 

1 4 : 5fcg<f 

16 (16-1. 16-2, • ■ •) : &*<8i§««« 
18 (18-1. 18-2. 18-3. 18-4) : * 

20 (2 0—1. 20-2, 2 0 — 3, 20-4) : ^ 

22 (22-1. 22-2, 22-3. 22-4) :«> 

24 (24-1, 24-2. 24-3. 24-4) : # 

2 6 : tfUMUfl^T-fA 



(7) 



<ff ffi 2002-280959 






(8) 



<ftlf§2 002-280959 



[15] 




80 120 iso 180 



(72)S§BJ3# ftjil £ F ^- A(# ^) 5K002 AA01 AA03 AA06 BA33 DA02 

m&m±mm<$x^-T3 i si5*M*st* faoi 



